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I. INTRODUCTION 

The main purpose of a projectile boattail is to reduce drag, over 
that of a cylindrical boattailed projectile* (Figure 1), thereby 
increasing the range of the projectile. In past years various geometric 
shapes (a conical boattail has been the most popular) have been used to 
form the boattail and have depended on the reduced base area to reduce 
the drag. These boattails have worked well in reducing the drag; how
ever, all of them develop a negative lift on the boattail which 
increases the unstable pitching moment and reduces the gyroscopic 
stability. These boattails (especially the conical boattail) also 
generate large Magnus forces and moments at transonic velocities which 
can adversely affect the dynamic stability of the projectile. Satis
factory gyroscopic and dynamic stability must be maintained so that the 
average angle of attack remains within low limits as the projectile 
moves along its trajectory. This permits accurate prediction of the 
projectile range. 

Recently, the BRL has experimented with a series of boattail 
shapes, which do not have axial symmetry and which have a number of 
advantages over the axisymmetric boattails. These boattails are formed 
by cutting the main projectile cylinder with planes, inclined at a 
small angle to the main projectile axis, such that flat surfaces are 
created on the boattail. The flat surfaces increase the boattail lift 
so that the unstable pitching moment is decreased and the drag is 
reduced by the smaller. base area. Also, these boattails have elements 
of the main cylinder extending to the base which increases the wheel 
base over that of the axisymmetric boattails. The increased wheel base 
will reduce gun tube balloting and possibly reduce muzzle jump and gun 
tube wear. Possible versions of these boattails are: 

(1) A boattail formed using four cutting planes so that the base 
becomes an inscribed square (Figure 2).** 

(2) A boattail formed using three cutting planes so that the base 
becomes an inscribed triangle (Figure 2).•* 

(3) Boattails formed similar to (1) or (2) but with the cutting 
·plane widths limited so that added lifting surfaces are formed at the 
base corners (Figure 3).** 

(4) Boattails formed similar to (1), (2), and (3) but with cutting 
planes canted so as to reduce the roll damping during flight (Figure 
4).** 

* Previously known as a square base configuration, but changed here to 
avoid confusion with the new version (1) boattail. 

** Patent No. 3,873,048. 
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(5) A boattail fonned by eliminating all of the main body cylinder 
volume not included inside the volume of two orthogonal wedges (Figure 
S). * This version can he extended to zero base area or can be cut off 
at any station to form a cruciform base. 

Characteristics of these new boattails which may be important are: 

(1) The flat surfaces generated on the boattails may act as lift
ing surfaces, thereby increasing the lift on the aft portion of the 
projectile and decreasing the unstable pitching moment. 

(2) All of these boattails have a more gradual reduction in cross 
sectional area than the conical boattails (Figure 6). This reduces the 
rapidity of flow expansion over the boattail and may be the reason for 
the reduction in Magnus forces observed at transonic speeds. 

(3) The cylinder elements which extend to the base will form crude 
rotating fins which should have Magnus forces acting opposite to those 
on the bodyl. The opposing forces should minimize the resultant Magnus 
force and moment about the projectile center of gravity, 

Aerodynamic tests on these boattail configurations have been made 
to verify these characteristics and also to find the configuration 
having the best overall aerodynamic performance, These tests have been 
run in u.s. Government wind tunnels and ranges which were available to 
us for these purposes. 

II, TEST FACILITIES 

The wind tunnel facilities used for the tests so far are: 

(1) The NASA Ames Research Center 12 ft. subsonic wind tunnel, 
~~ = .5, • 7, and .9, 4!(' model, Re/ft = 1.35 to 2.8 x 106 (Re/m = 4.23 
to 9.2 x 106}. 

(2) The Naval Ship Research and Development Center (NSRDC) 7 ft. 
x 10 ft. transonic wind tunnel, M = .5, .7, .9, .941 and ,98, 4!(' model, 
Re/ft = 2.65 to 4.0 x 106 (Re/m = 8.69 to 13.1 x 10°). 

(3) The Ballistic Research Laboratories (BRL) 1 ft. supersonic 
wind tunnel, M = 1.75 to 4.0, 2!(' model, Re/ft = 3,6 to 7.0 x 106 
(Re/m = 11.8 to 23.0 x 106). 

* Patent disclosure has been submitted. 

1. Andel's S. PZatou, "Magnus ChaPactel'ist;i.aa of Finned and Nonfinned 
P!'ojeatUes," AIAA Journa~, Vo~. 3, No. 1, Janua:xy 1965, pp. 83-90. 
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The range facility used for the tests is: 

(1) The Ballistic Research Laboratories (BRL) aerodynamic range, 
M = .5 to 4.0, 20mm models, atmospheric free flight Reynolds numbers. 

III. WINO TUNNEL MODELS 

These boattails are being tested using the Army-Navy Spinner 
Rocket nose and body with the complete configurations being 5, 6, or 7 
calibers long. 

TWo sizes of models, 2l:t" (5. 715 em) and 4~" (10, 795 em) diameters, 
are required for the wind tunnel tests because of the variation of the 
tunnel sizes available for the different speed ranges. The models are 
designed according to the specifications described in reference 2. They 
consist of a central body mounted on ball bearings and a strain gage 
balance with various tails and noses attached to the central body. 
Variations in the lengths of the noses and tails make it possible to 
test body lengths of 5, 6, or 7 calibers. Tails for each boattail 
version, listed previously, are made using a 7° cutting plane angle for 
both the 2!t' and ~~~ diameter models. Also, a straight cylindrical 
tail and a 1 caliber long 7° conical boattail are available for compar
ison (Figure 1). Each boattail version can be tested on the 2!t' 
diameter body with configuration lengths of 5, 6, or 7 calibers; however, 
the 5 caliber, ~" model is limited to the straight cylinder, the 
conical boattail, and the square boattail. Six and seven caliber, 4\" 
diameter models of all of the boattail versions can be tested. 

IV. RANGE MODELS 

Five caliber long, 20mm diameter, models of these configurations 
have been fired in the BRL Aerodynamic Range at transonic and supersonic 
velocities. These models are solid aluminum and have their centers of 
gravity approximately 60% of the length from the nose. All of the 
pitching and Magnus moment data have been transferred to the 60% 
location. The models were launched from two rifled barrels having 
twists of one revolution in 15.2 calibers and 1 revolution in 19 
calibers • 

2. Anders S. PZatou, Raymond Colburn, and John s. Pedgonay, "The 
Design and Dynamia Balancing of Spinning Models and a Testing 
Teahnique for Obtaining Magnus Data in Wind Tunnels," BRL Memo
randum Report No. 2019, U.S. Army Ba~~ietia Reaearah Laboratories, 
Aberdeen Pr01Jing G:round, Ma:ryZ.and, Oatober 1969. AD 699803. 
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V. RESULTS AND ANALYSIS 

1bc results presented in this paper compliment, add to, and modify 
the results presented in reference 3 and present the main aerodynamic 
results presently avail able on the new boat tails. The results are 
based on the experimental free flight range and wind tunnel data 
obtained on the 5 caliber long models. Some data have been obtained on 
the 6 and 7 caliber wind tunnel models, but these data are not suffi
cient to give a complete picture. The range flights yield the free 
flight drag, pitch data, Magnus, roll damping, and pitch damping 
moments at low angles of attack. The wind tunnel tests yield angle of 
attack drag*, detailed pitch data, Magnus force and moment over a range 
of spin and range of angle of attack (-10° to +15°). The data in the 
main report are presented mainly as faired curves for clarity; however, 
the detailed data are presented in the appendix of this report for the 
interested reader. 

All of the supersonic wind tunnel data have been obtained using a 
boundary layer transition strip 1 caliber aft of the nose tip. The 
transonic tests did not use a trip, but depended on tunnel turbulence 
or high Reynolds number to trip the boundary layer. Shadowgraphs taken 
during all of the wind tunnel tests show the boundary layer to.be 
turbulent at least from the base of the nose. The 20mm range models 
depended on firing conditions to trip the boundary layer so that all of 
the data presented here are for a turbulent boundary layer over the 
configuration. Previous tests on smooth wind tunnel bodies without a 
transition strip have shown that the boundary layer transition can move 
with spin. This, in some cases, results in nonlinear variations in the 
Magnus characteristics with spin, 

The zero angle of attack drag coefficient, CD , for the various 
0 

boattails are compared in Figure 7. The triangular boattail has the 
lowest drag while the square boattail has a drag near the conical boat
tail. The cruciform boattail has the highest drag of all the configura
tions at supersonic speeds which is apparently due to low base pressures. 
The high drag rules out the use of the cruciform tail for long range 
projectiles; however, its low drag at high subsonic speeds and its 
relatively high stability, as explained later, at all Mach numbers may 
make it useful for other purposes. 

3. Andere S. PZatou, "An Improved P:rojeatiZe BoattaiZ," BRL Memo:l'andum 
Repo:l't No. 2395, U.S, A:l'my BaZZistia Resea:l'ah Labo:l'ator-ies, Abe:l'deen 
P:l'oving Ground, Maryland, July 1974. AD 785520. Also, AIAA Pape:l' 
No. ?4-779, AIAA Meahanias and Cont:l'oZ of Flight Confe:l'enCJe, Anaheim, 
California, 5-9 August 1974. 

* Some wind tunnel drag data are available, but breakage of drag 
balances due to model spin resonance with the drag link has caused 
severe problems in obtaining drag data with the model spinning. 
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The lower drag of the triangular boattail at supersonic speeds is 
probably due mainly to the smaller base area. However, recent super
sonic wind tunnel tests have shown that the triangular boattail has a 
higher base pressure than the conical boattail, thereby indicating 
lower viscous losses in the boattail flow. 

The geometric asymmetry of the triangular boattail may also 
decrease the drag at low angles of attack. At zero spin the asymmetry 
produces an asymmetric drag polar (Figure 8), so that drag values at 
constant angle of attack with spin will be the average drag between 
plus and minus angles of attack. It appears that this will decrease 
c0 2 at least at low angles of attack; however, this thought has nut 

~ 

been thoroughly investigated due to strain gage balance difficulties. 

The first transonic wind tunnel tests at Ames and NSRDC and a few 
free flight tests at transonic velocities showed that the drag of the 
added lifting surface version (Figure 3) is considerably higher than 
that of versions 1 or 2 (Figure 2}. This plus the minimal increase in 
stability have curtailed further testing of version 3 to a later date. 

The wind tunnel tests have shown some variation of drag with spin 
on the new boattails (Figure 9). The straight boattails have minimum 
drag at zero spin while the twisted boattails have minimum drag at the 
twist rate. Again, the available data to confirm these results are 
limited due to mechanical failure of the drag balance. 

The gyroscopic stability of a projectile is directly proportional 
to the spin squared and inversely proportional to the aerodynamic 
pitching moment.* Since stable flight of a projectile requires that 
the gyroscopic stability remain above 1, it behooves the designer to 
select a projectile shape having the best pitching moment. Conical 
boattails reduce the normal force (Figure 10) and increase the unstable 
pitching moment, especially at transonic velocities (Figure 11). How
ever, as seen in Figures 10, 11, and 12, the new boattails not only 
reduce the unstable pitching moments at all Mach numbers below that of 
the conical boattail, but at all supersonic Mach numbers of interest 
reduce the pitching moment over that of the cylindrical tail. For the 
first time in artillery projectile design we can employ a boattail 
which not only decreases drag, but also increases the stability of the 
projectile. This could aid projectile design, for, in most instances, 
the projectile design is governed by the maximum unstable pitching 
moment attained at any Mach number within the projectile flight 
envelope. 

* All presented pitching moments are about a e.G. located 60% of the 
body length aft of the nose. 
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Some interest has been shown in comparing these boattails to a 
conical boattail with fins or strakes. However, a direct comparison 
is impossible with previous data since the finned boattails have been 
tried on other ~rojectile shapes. To obtain a direct comparison a 1 
caliber long, 7 conical boattail with 4 in-caliber fins was tested on 
the 2~" wind tunnel model at supersonic speeds, The results (Figures 
10 and 11) show that the finned conical boattail has about the same 
normal force and pitching moment as the square boattails. The finned 
boattail drag will be greater than the bare conical boattail due to the 
additional fin drag. 

One of the aerodynamic problems of the new boattails is the high 
roll damping inherent in the straight configurations. Roll damping 
moment coefficients up to -.1 were measured during the range flights 
and this is sufficient to despin a typical projectile to instability 
during flight. To circumvent this, it is necessary to twist or cant 
the boattails so that spin will be maintained during the flight. 
Range firings of these boattails with 0 and 1/15 (rev/cal) twists 
yield the following rolling moments. 

c~ ct 
_£ 6 

Square Boattail -.055 +.037 

Triangular Boattail -.098 +.084 

Cruciform Boattail -.073 +,063 

Conical or Cylindrical Boat tail -.015 0 

Even though it is not possible to theoretically predict the Magnus 
force on a projectile, it is possible by studying shadowgraphs and 
analyzing the force and moment test results to visualize the mechanisms 
producing the Magnus force. The picture which is visualized is that of 
an aerodynamic body composed of the actual projectile body surrounded 
by a warpable, viscous, aerodynamic body made up of the boundary layer. 

At all Mach numbers the Magnus force is generated to a large extent 
by the shape of the boundary layer, and the shape in turn is influenced 
greatly by the viscous twist or warpage due to the projectile spin 
(reference 4). At zero angle of attack the warpage of the boundary 
layer due to spin is axisymmetric about the main centerline, so that 
the resulting aerodynamic forces and moments are zero except for drag 
and rolling moment. At small angles of attack, the boundary layer 
thickens on the lee side of the body, but at zero spin the boundary 
layer maintains mirror symme~t~. A normal force and pitching moment 
are generated, but the side forces and moments remain zero. With spin 
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the thickened portion of the boundary layer twists in the direction of 
spin, all symmetry is destroyed, and a side force and moment are 
generated. 

If a conical boattail is used in place of the cylindrical tail, at 
subsonic or transonic velocities, the boundary layer thickens due to 
the flow expansion over the boattail. The thicker boundary layer is 
distorted more by spin and a larger Magnus force is created (Figure 13 
and reference 5). At supersonic speeds the Prandtl-Meyer expansion 
over the conical boattail holds the boundary layer to thinner values 
so that large increases in Magnus force do not occur. The large 
increase in Magnus force and moment caused by the conical boattail at 
transonic velocities may be sufficient to destabilize an already 
marginally (gyroscopic) stable projectile (referenc.e 6) by causing 
large changes in dynamic stability. 

Wind tunnel and range tests on the new boattails indicate that no 
large Magnus forces and moments are generated at any of the tested Mach 
numbers (Figure 13). The wind tunnel tests at M > 1 show the Magnus 
forces and moments to be linear over the spin range tested (Figure 14) 
and approximately linear over an angle of attack range of at least ± 3° 
(Figure 15)*. When nonlinearities do occur they appear to be in the 
direction of decreasing Magnus force and moment. 

4. J. C. M=tin, "On Magnus Effects Caused by Bounda:l'y Layer Displace
ment Thickness on Bodies of Revolution at Small Angles of Att<uk," 
BRL Report No. 870, U.S. Army Ballistic Research Laboratories, 
Aberdeen Proving Ground, Maryland, June 1955. AD 72055. 

5. George I. T. Nielsen and Anders S. PZatou, "Effect .Jf BoattaiZ 
Configuration on the Magnus Characteristics of a Projectile Shape 
at Subsonic and Transonic Mach Numbers, 11 BRL Report No. 1'120, U.S. 
Army Ballistic ReseCU'ch Laboratories, Aberdeen Proving Ground, 
Maryland, June 19'14. AD 92182JL. 

6. C. H. Murphy, "Free Flight Motion of Syrrmetric Missil-es," BRL 
Report No. 1216, U.S. Army Ballistic ReseCU'ch Laboratories, 
Aberdeen Proving Ground, Maryland, July 1963. AD 442'1157 . 

* Additional subsonic and transonic wind tunnel tests must be run to 
verify this at the lower speed ranges, The subsonic and transonic 
wind tunnel tests run to date have given sketchy Magnus results due 
to the high sensitivity of Magnus characteristics to tunnel 
turbulence and flow inclination. 
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The side force generated on the twisted boattails modifies the 
above boundary layer picture appreciably and results in smaller Magnus 
forces.* At small angles of attack and zero spin the boundary layer 
is distorted by the twist in the opposite direction from the intended 
spin. For a right hand twist the thick or lee side of the boundary 
layer twists to the left and creates a side force to the right. When 
the body spins in the direction intended or caused by the twist a 
Magnus force is generated to the left (Figure 14). This was also 
noticed by M. Sylvester in reference 7, As the spin increases, the 
combined side force changes sign so that at typical projectile spin 
rates the side force is less than on a straight boattail configuration. 
From Figure 14 it can be seen that for a given a the side force and 
moment for a twisted boattail can be expressed as: 

ey = Cy +~ .E!! 
0 p v 

en = e + e .E!! 
n m v 

0 p 

where ey and e are the zero spin offsets at each angle of attack and 
o no 

eN and em are the Magnus slopes at each angle of attack. These have 
p p 

been determined 
speeds . It can 

(Figure 17) for 

from wind tunnel tests (Figure 16) at supersonic 
also be seen that eN and em are spin dependent 

Pa Pa 
the twisted configurations and must be evaluated for 

'?. Ma:uriae A. Syl-vester, "Wind Tu.nnet Magnus Teets of CyUndriaat and 
Boatta:U Army-Navy Spinner P:rojeatUee with Smooth Sza>face and 20mm 
Equival-ent Engraving (Rifting Gl>oovee) ," BRL Report No. 1'?158, U.S. 
Army Baz.tietia Reeearah Laboratories, Aberdeen Proving Ground, 
Maryl-and, Februa;py 19'?5. A.D B002628L. 

* Figure 16 of reference 3 is in error. At the time these data were 
taken, the offsets, a and b, mentioned in this paragraph were not 
measured. 
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all spin rates (pd/V) encountered during flight. References 8 and 9 
present Magnus data on finned boattail configurations. Even though 
these data show fins reduce the Magnus properties, they do not indicate 
the zero spin offset shown by the BRL data. 

Aerodynamic pitch damping measurements have been limited to range 
data and indicate that the aerodynamic damping is independent of the 
configuration (Figure 18). This is surprising for the lifting surfaces 
on the new boattails should increase the pitch damping. No pitch 
damping data are available on a corresponding finned boattail configura
tion; however, unpublished data on the Navy 5 inch/54 projectile with 
and without boattail fins show the same degree of damping. Possibly 
the longer 6 or 7 caliber configurations will show a difference in the 
damping coefficient when they are tested. 

VI. CONCLUSIONS 

The aerodynamic data obtained show that all of the new boattails 
change the aerodynamic characteristics of a projectile considerably. 

(1) The new boattails improve the pitching moment of projectiles 
over that of the conical boattail. 

(2) The square boatt~il has about the same drag reduction as the 
conical boattail. ' 

(3) The cruciform boattail drag is too high and eliminates it as 
a viable configuration. 

(4) The twisted triangular boattail has the best aerodynamic 
properties for projectiles. It has the lowest drag, good pitching 
moments, and low Magnus moments for good stability. 

8. Leroy M. Jenke, "E:cpe:r>imentat Magnus Cha:Pacteristioo of BatUstia 
Projeatites With and Without Anti-Magnua Vanes at Maah Nwnbers 1.5 
Through 2. 5," AEDC-TR-75-162; APATL-TR-75-188; von Kannan Gas 
Dynamias FaciUty, Arnotd Engineering Devel-opment CenteP, AiP FoP<Je 
Bysteme Cormu:md, Arnotd Air Forae Station, Tennessee, Deaember 1975. 

9. Leroy M. J enke and Jack· B. Ca:rrna:n, "E:cpe:r>imentat Magnua Character
istias of BatUstic Projeatites With Anti-Magnus Vanes at Mach 
Nwnbers 0.7 Through 2.5," AEDC-TR-75-126; AFATL-TR-75-150; 
Proputsion Wind Tunnel. Faaitity, Arnotd Engineering Devel-opment 
CenteP, AiP Force Systems Command, Arnotd Air Force Station, 
Tennessee, December 1975. 
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FREE FLIGHT RANGE DATA 

5 cal. A-N SEinner Rocket with 7° Straight Sguare Boattail 
M 

Rd. X 10-6 CD eN c eN c CR. C! c + c 
Mid-Range m m m m 

~a 0 " " Pa pet p 6 q " Value -- --
• 89 .40 .188 1.94 3.81 - .65 .26 -.055 0 - 6.1 

1.12 .51 .447 2.51 3,75 -1.13 -.30 

~~ j 
-10.0 

1.42 .64 .405 2.84 3.62 - .67 -.16 -12.3 
1.96 .89 .359 3.16 3.48 - .46 +, 37 -11.9 
2.07 .94 .351 3.58 +.92 ~ -19.7 
2. 85 1.28 .277 3.53 3.13 - .55 +,36 - 8.5 

c = 6 
D 2 

" 
"' ...., 

5 cal. A-N SEinner Rocket with 7° Twisted Sguare Boattail 

M -6 CD eN c eN c c~, C! c + c 
Mid-Range Rd. X 10 m m m m 

~a 0 " " Pa Pa p 0 q " Value -- -- --
1.02 .46 • 395 4.26 -.17 -.0?5 +,037 -10.3 
1.03 .46 .412 4.05 "' 1.15 .52 .418 2.17 4.05 -.16 > -10.8 0 
1.19 .54 .422 2.40 3.99 - . 30 +,07 ~ ~ -12.6 
1.93 .88 . 343 3.09 3,49 - .53 +,OS a o! -10.6 
1.94 .88 . 341 3.19 3.54 - .33 +,14 0 "' -11.8 f.< .. 
2.88 1.32 • 275 3.13 3.14 .04 +.27 ""' ~ -10,2 
3.10 1.38 .266 3.20 3.10 - • 82 +.10 

. 
-10.5 > 

3.12 1.39 .247 2.99 - .60 +.20 < - 9.2 
c = 6 

D 2 a 



FREE FLIGHT RANGE DATA (continued) 

5 cal. A-N SEinner Rocket with 7° Strai~ht Triangular Boattail 

M 
Rd. X 10-6 CD eN c eN c ct ct c + c 

Mid-Range m m m m 1a 0 (l (l Pa pet p 0 q (l 

Value -- --
.93 .42 .227 2.28 3.79 + .01 -.19 -.098 0 -11.0 
.94 .42 .192 2.53 3.80 + .s 7 +.09 -10.3 
.96 .43 ,208 2.56 4.11 - .18 +.17 <I> - 8.9 b<l 

1.04 .46 .398 2.75 3.74 - .11 +.09 ro -10.0 H 

1.16 .52 .411 2.63 3.50 - .24 -.07 <I> -12.4 ~ 1.49 .67 . 380 3.30 3.48 -1.40 -.08 -15.0 
1.71 .76 .357 3.00 3.33 - .68 - .08 -10.4 

"' "' 5 cal. A-N S£inner Rocket with 7° Twisted Trian~ular Boattail 

M -6 CD eN c eN c c.t ci c + c 
Mid-Range Rdia X 10 m m m m 0 (l (l Pa Pa p 0 q (l 

Value -- --
.973 .44 .251 1.91 4.28 -1.35 -1.12 -.098 +.084 
.973 .44 .239 2.05 4. 28 - .67 - . 78 "' ·• > . 984 .302 2.10 4.35 + • 38 - .14 0 - 5.8 

1.00 . 45 .331 4.29 1.30 + .15 ~ "' - 2.4 
"" 1.127 .51 . 397 2.36 4.02 - . 92 - .43 E ro - 9.9 0 H 

1.96 . 89 .318 3.31 3.31 - . 41 - . 27 <l:i 
<I> -10.8 > 

1.97 . 89 .320 3.34 3.26 - . 23 - .16 < -10.2 
2.47 1.13 .280 3.36 2. 84 - .16 - . 09 ~ -11.9 
3.15 1.41 .256 3.17 2.95 .12 - .03 - 7.8 



. . 

FREE FLIGHT RANGE DATA (continued) 

5 cal. A-N SEinner Rocket with 7° Straight Cruciform Boattail 

M -6 CD eN c eN c c .. ct c + c 
Mid-Range Rdia X 10 m m m m 

0 " " Pa P,. p 5 q " Value -- --
1.44 .65 .458 2. 23 2.40 - • 75 +,44 .073 0 -17.1 
1.59 .71 .441 3.32 3.11 - .34 . 26 d t -14.3 
2. 42 . 342 3.44 2. 74 -1.12 .29 - 7.5 

5 cal. A-N SEinner Rocket with 7° TWisted Cruciform Boattail 

M 
Rdia X 10-6 CD eN c ~ c ct. ct c + c 

Mid-Range m,. m m m 
"' 0 " Pa Pa p 5 q " \D Value -- --

.965 .44 .265 2.60 3.68 - .59 -.29 -.073 +,063 - 9.7 
1.138 .51 .487 3.02 3.24 - .03 -.37 ~ ! l - 9.7 
1.941 .387 3.50 2.98 - • 88 -.10 fH - 9.6 
3.103 1. 39 .281 2.75 + .33 -.06 t!::::i! -11.4 

• 
~ 

All flights are low angle of attack, Maximum a = 5°. 
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Ill PITCH t!OtiENT COEr. 
x NORH~L FORCE COEF . 

Ill 

Ill 

3 6 

RNGLE OF R'TACK. DEG. 
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u.s. R~MY B~LL!5TIC RESE~RCH LRBORATaRIE~ 
WINO TUNNELS BRRNCH, EBL 

AMES 12FT. SUBSONIC WIND TUNNEl 
5 CAL. A-N S?!NNER ROCKET, ONE CAL. 7 DEG. B~~TTR!l 

1.2 

1.0 

~ 

w 
Q o.a '-' 
w 
u 

%"" 0.6 u 0 .... 
...1 
cr. 
:1: 0.4 
"" 0 
z 
0 

o.~ 2 
cr. 

.... 
w -o.o 0 
'-' 
.... 
z 

-1.).2 "'"' u:s: 
a 
:1: 

X -0.4 w .... 
0.. 

-0.6 

-o.a 

""' "' 0 
z 

2 
IJ.. :1: 

0 u ... z 
~ 

0 
-' u: 
u 

-2 
-12 

~ 

[CNFIG= 5.10 RUN: 3. 

MACH 0.50 RfO!AJ 0.88 X lOr. 

-9 -n 

X X li 

" l< 

Ill 

IIi 

Ill 

-.3 0 

Ill 

Ill 

Ill 

Ill 

" Ill 

Iii X 

li X 
X 

X 
X 

Ill PlTfH M~MENT COE>. 
~ ~~R~AL FORCE COEF . 

Iii 

.3 
HNGLE OF ATTACK. DEG. 

so 

'5 lB 



+ 

,. u.s. ARMY BALLI S T l ( RE~E~RCH LABORATOR!E~ 

HIND TUNNELS BRANCH, EBL 
AHES 12 fT. 5UB&ON!C HIND {UNNEL 

;:; CAL. A-N SPINNER ROCKET, ONE CAL. 7 OEG. BOA HAll. 
HRCH o.so IHIJ!Al t.oo x 106 

1 .2 

j 
[.Q 

a.. ~ ..... 
• 0 o.a u 

UJ II 
t.l 

:Zit: 
Q.6 uc 

"- II 
..J 
cr: 

"" Q.4 
"" II ., 
:z II X 
c 

Q.2 II z 
a: II X 

X 
Iii X .... X X ..... -o.o EJ 

t.l 

" Iii X 
1- " Iii z 

ri.U -0.2 II w:s: 
EJ II :s: 
:t: -G.4 

II 
'-' 
1-

"-
-0.6 

j Iii PITCH HOMEN T C!lEf • 

" NORMAL fORCE COEF. 
-o.e 

u.J 

~ "' 0 
2 

"-"' l 
u"" z"' 11 11 II II II II Iii ... 

0 
..J a: 
u 

-2 
-12 -9 -6 -3 0 3 6 9 12 IS 18 

ANGLE Of !'-!HACK, OEG. 

+ CONFIG= 5-lO RUN: 58. Sl 



·-' 

"' '-' 
:?. 

,_:.:: 
S:::~ 
~~ 

~~NF~G~ 5-tC RUN= 

fJ !ND TUNNEt.>; E'!\;,:-lCH, f!:l 

NSRDC 7X!C F:. TR'i'l5GN!C "fND TJNNCL 
5 CA~. A-N 5PINNCR ~OCKET- ONE S~L- 7 Of&- ecRTTR:L 

W1CH .. SC' R~O!h~ 417 X H)f. 

X 
)( 

I I I I I 

ccn . 
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5 CAL. 
MACH 

l .2 . 

!.0 

..... 
tiJ ., o.e <,) 

lU 
• u 

zn: 
UD Q.6 

"-
..J 
a: 
>:: o.lj 
"' c 
z 
Cl 

0.2 z 
a: 

"-
tiJ -o.o ..,_ 
u 
,_ 
::z 

:S::tl.l -0.2 
u>: 

"' >:: 

J: -G.'I ,_, .... 
"-

-0.6 

-o.e 

UJ 
V"l 
c 
z 

2 
c.."' w"' :z'"' .... 

0 . 
..J 
cr 
u 

-2 

-12 -9 

\ 
' 

RUN= 

U. $. AflHY BRLLl 'iT! r RESHiflCH LR!I(!f!ATClR 't ~ 
WINO T 1JNNU5 BRANCH. E!IL 

RHES 12''-FT .'·SUilSONIC WINO TUNNEL 
R-N SPINNER ROCKET. CNE CAL. 7 OEG. BQATTAlL 
0.70 R(O!Al 0.5'5 X 106 

l 

1 
~ • 
l 

• 
• 

II 

Ill 

• 
II X " " 
" 

>; 

X X II 

" Ill 

Ill 

Ill 

Ill 

J 

J Ill PITCH MOMEMT con. 
J " NCRI'IAL fORCE ((lEf. 

-6 -:3 0 J 6 ". 12 !S 
ANGLE Of MTTACK. OEG. 
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u -5. ARMY BfiLLISTTC RESlRRCH LRBORRTOR!lC. 
WIND TUNNElS BRRNCH, EBL 

RME5 12 FT. 5UBSi.lNIC WIND TUNNEl 
5 CRL. R-N SPINNER ROCKET. ONE CRL. 7 OEG. !lORTTR !L 

MACH 0.70 R(DIAl 0. ;j7 X !010 

1 . 2 

I • 0 

u.. 
w 
0 o.a u 

Iii 
u.J 
u 

:ZO< 
u 0 O.f; 

LL Iii 

..J 

"' :E: o.'l 
"" Iii 
0 
:z lil X 
<:! Iii X 7 0.2 
cr lil X 

X 
X 

"-
Iii 

" w -0:0 X 
0 
'-' X X Iii 
>- X X 
:z r;; 

:E:W -0.2 Iii u:E: 
0 

Iii :E: 

~ -I.J. 4 Iii 
(.; 

>-

c.. 

-0.6 
Iii I' ITCH MOMENT COEF. 
,_ ~ORMGL FORCE COEF. 

-0-B 

4 
w 

"' 0 
"Z 

2 
c..'"' u"' lil z"' Iii Iii Iii Iii Iii lil "-

0 
..J 
u: 
u 

-2 

-t2 -9 -fi -3 0 3 !:; 9 12 15 18 

ANGLE OF ATTACK, DEG. 

+ 
CONFIG= 5-10 RUN= 57. 
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• C~NFIG= 5.10 RUN= 55 
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u.s. RRMV 6HLLISTIC RESlRRCH LRB~RRT~Rlt~ 
WIND lUNNELS BRANCH. fi!L 

HSROC 7XIO fT. TRRNS~N!C WINO TUNNEL 
5 CAL. R-N SPINNER R~CKET. ONE CAL. 7 DEG. I!MTTA!L. 

MRCH 0.50 PD/V o.s7 R(D!Rl 0.46 X 106 

'·" l 1 
~ ~ 0.10 .., 

0 I w 
)( ' 

w 

~ 
Q 

"' 0..0 o.os • Z"-
Q 

"' I :::> X :z II 
'-0 )( 

II 
a: 
:a: o.oo 
c II 
:z )( a: 

X 
.... .., -o.ou II ., 
u 

! t-

' X :z ' 0. .... 

I ~ 6 -0.10 
:a: 

"' ::> ' :z 

~ 
(!) 

~ -c. !5 

i Ill CMP 

J X CNP 
-0.20 

6 ..., 
"' "" :z 

o..:S: Ill • II II • • • u"' r"' "-

_, 
a: 
Q 

0 
-12 -9 --6 -3 0 3 6 9 12 15 16 

ANGLE ~F RTTRCK, !JEll, 

t~Nf!G= 5.10 RUN~ 6. 57 
+ 



.. 

1-
z 

0, ~ 

0.15 

G ~ -0.10 
% 

"' c:> z 
'-" 
tr. 0 l'' ::1: - .. 0) 

-o .;w 

u.s. ~RHY BALLISTIC RESCA~CH LRBORATDR!lS 
WINO TUNNELS BR~NCH. EBL 

NSROC 7Xl0 fT. TRhNS~N!C WIND TUNNEL 
5 CAL. A-N SPINNER ROCKET. ONE CAL· 7 OEG- Bl'!ATHHL 

MACH 0.80 PO/V o.l\2 R!OIAl 0.130 X 106 

X 

" 

Ill 

• 

X 

Iii 

II 

lil CMP 
x CNP 

Ill 

X 

X 

:L . t 
,0• ~'------1 ---,--,---,--,-, I I ....,......,_, I I : ~~ 

• 

--.---.-,- ~ I I I I I I I I I I I I I I 
-12 -9 -6 -3 (1 3 R 9 12 Hi 18 

ANGLt Of ATTACK, Of.G. 

C~Nf!G= 5.10 RUN= 58 
+ 



5 CAL. 
MACH 

1.2 

I .Q 

"-
"" "" o.a u 

UJ 
'-' 

z "' ().6 t.J c 
"-
..J 
a: 
:& 0.4 
"" ., 
z 
Cl c.2 z 
a: 

"-
"" -o.o ., 
'-' 
,_ 
z -o . .:: S:UJ 

W:& 
0 
X: 

'l: -0.4 '-' ,_ 
"-

~a.~ 

-o.e 

uJ 

"' 0 
z 

2 . ... :s:: . uO z"" .... 
0 . 

..J 
a: 
'-' -2 

-12 -9 

~ONFIG= 5.10 RUN: 56. 

U.S. RRMY BRLLI~TIC RESlqRCH LA90RRTCR![5 
WIND TUNNtLS BRANCH, L9L 

AHES 12 fT. SU65CNIC WINO TUNNEL 
A-N SPINNER RCCKEr, ONE 'cAL. 7 OEG. !HlATTFIIL 

0.90 R!O!Al Q.46 X 106 

X X 

Ill 

Iii 

Ill 

-6 -3 

Ill 

Iii 

0 

lil 

• 
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Ill X 
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X 

• " Ill " 
X 

" 
X 

Ill PITCH HOHENT COEf. 
~ ~ORHRL FORCL COEf . 

• IIi 

3 6 9 
ANGLE OF ATTACK. OEG. 
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u.s. ARM¥ BALLI S T J C RES[ '1RCH LABORAHlR!E~~ 

WIND TUNNELS E!fiR"lCH, tBL 

AMES J 2 n. SUB511N!C W!NO TUNNEL 
5 CAL. A-N SPINNER RClCKET. ONE CAL. 7 DEG. BOATTRlL 

MACH 0.90 fUD!RJ 0. :,6 X l DE' 

1 . 2 

I • 0 

~ 

w 
u 0.8 <..> 

w 
<..> 

"""' Q.fi L) 0 

"'-

-' cr 
Iii "' o.~ 

"' (J Iii 
:z 

" 0 "' 2 0.2 X 
J Ill 

X " Iii " ~ 
X " w -a. o 0 

4,0 X IS ,_ 
" " z Ill rw -0-2 wr IS 0 

r 
Iii 

"' -1,).'4 <..; Ill ,_ 
c.. ~ l].6 

.... "' Pl TCH Ml'IME'IT C~EF . 

J " NilRMAL F.l'IRCE CCIEF . 
-u.e 

w l 
<~ ..., 
<l 
z 

2 
a.. :>: 

0 u,.. 
:z.._ 

0 

-' 
"j a: 

'-' -2 

-12 -9 -fi -3 0 3 b 9 12 }5 18 
ANGLE OF GTHiCK, !lEG. 

• 5. 
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WIND 'UNN!::t.& BRRNCH. t:!'ll 

NSROt: 7Xl0 fT. Tftfl)l50N!f ~>!!NO TUNNE::.. 
5 CAL. R-N Sf'!NN!:P. ~ClCII'ET. ONE CAL. 7 OEG' BOR;TA!L 

:~' 
11R::::H • ';I'! R~OlAl .. ·i2 X 10& 

',;, 

~ 
~ 

~ "' "> 
'-' 

"-' u 
Z<t: 
u 10 

1 .... 
-· <X 

-1 '"' "" .., 
z 

iii 
Q 
7. 
a: X 

X 

"-

"" "' '-' - X 
z iii rw 

,_, :0:: 
10 

"' :r -. 'l 
'"' .... .. -"-

.. ? ITCH '10HENT cen. 
J X '~iJRMRL FflRCE con. 

.. 
-.1 J "' v 

~ 
z 

.,_:o:: . '"'"" - z"' .... ·o 
-' -~ j cr 
'-' 

~-

-12 . -9 --6 -3 " 3 f) ~ ~~ ;F) lll c• 

ANGLE "F !1 r TACK. OEG. 

+ 

·. 6J 



0 ·'f.) l 
~ 0.!0 i.>.J 

"' '-' 
,.; 
w 
0:: 

n..o o.os z ... 
u 

"' C.) 
% 
(Jj 
<.r. 
:>:: (.'. 00 
c 
;;r. 
tr. 

I 
i::; -o .os 1 ,., 
w 

' ,_ 

J ;;r. 
.o. w 
r:r 
u o -0.10 

r I in 
:::> I 
% i 
LO 

1 ~ -e. 1 r, 
I 
i 

-0 .. 20 J 

0 
-12 

u.s. RRHY BRLLI5TlC RE5LRRCH LAB~RRT~RilS 
WiNO TUNNELS BRANCH, E6L 

NSROC 7X10 FT. TRRNSLINiC WINO TUNNEL 
5 CRL. A-N SPINNER ROCKET. ONE CAL. 7 O(G. BOATTAil 

MACH 0.94 PD/V 0.17 RIDIAI 0.71 X 106 

-9 -fi 

l 

~ 
l 

I 

~ 
I 
i 

~ 
I il 

J " 

X 

X 

(MP 
CNP 

Rt-IGLf llf R:TfiCK, Q[G. 

Sl 

X 

12 

t~Nf!G= 5.10 RUN= 8. 62 
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'. "··--

. !2 

lJ ~ G, Q~;.ty e:,._L ~ ·~ ~ ~ ;: t~t.OE q~CH LH~e-R!=r; :~an~~ 

>It "'ii : "Nt-;C:. ". 81\i'i:-ICH. Ell 

• NSFtDC 7X1C F. TRANSONIC WINO TUNNEL 

5 CAL. A-N SPINNER P.CCKET, C:NE CAL. 7 DI:G. BClliTTA!L 
6 

~ASH 1.15 RrOlAl .67 X !C 

-9 ·6 

li 

X 

li ~ITCH MOMENT CCcf. 
x N~RMAL FOFtCC Coer • 

·1 0 3 6 9 
A~GlE Of f1YIACK, DEC. 
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0.15 

w 0.10 

""' u 

"" u 
"' ~:;:: o .or,l 
<~ 
:::> 
'Z 
L~ 
u: 
:r 
c 
z 
u. 

o.oo 

1:J -o. m:; .,. 
w 
1-
;r. 

Q.. w 
G ~ -a .10 

X 

.? 
:::> 
'Z 
'-~ 

~ -0 ~! 5 

"' ~<') 
1!:> 
:z: 

.,_:& 
w"' rE 

_, 
a: 
u 

2 

0 

-12 

U.S. ARMY BSLLI5TIC RE5E~~CH LRBORRT~R!t5 
WIND TUNNELS BRANCH, EBL 

NSRO(; 7X10 fT, TRRNS~NIC HIND TUNNEL 
5 CAL. R-N SPINNER RCICKET, (1NE C.RL. 7 D(t;. BI.'!RTTAIL 

HACH 1.!5 PD/V Q,JJ RW!Rl ().66 X 106 

l 
Ill 

X 

)( 

' 
1 

~ 
' 1 lil CMP 

I " OlP _j 

li 
Iii 

-9 -fl 0 1:? 
ANGLE Clf ATTACK, QEG. 
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. 
' 

• . 

~ 1; 

1 .~ 

,"! 

• 1 ~ 0 

~ ,..., 
tJ iJ~a C.' 

~ 

u 
z "" u "' u. 

~.& 

-J ,... 
"' 0 ·'I 
"" c 
z 

"' 2 
tr. 

0.2 

"-
4J -0 .o 
"' w 
,_ 
z 

"'"' -0.2 
w:s:: ., 

"' = ~o •t 
'-' ,_ 

c.. 

U-& 

-u.e 

Q 

·12 

• 
C~Nfl~; 5.10 RUN: 

" .. 

L 

U~S· R~iH' B~;;_LlCSTJ( RE5[qf'!CH.LABORR";I]R!;::, 

WINO T~NNClS BRR~CH. EBL 

5 C.RL. R-N SPINNER R6t:~ET. CNE OlL. 7 OEG. BCIF<TTFIIL 

-9 

MACH ·1.75 R!OIHJ 0.92 ·~ 106 

.. 

• 

-f> -3 

"' II 

Ill " 
Ill "' 

Ill "' 

lil "' 

I! "' 

II ~ITCH NCINENT CCfF • 

" Ner.~RL F"l'IRC( C'CH. 

• .. .. • • 

\f! 



u~s- I'IRMY 13RLLI5 Tl C Rt5tRRCH LR60RRTDRJE~ 
WIND TUNNELS 13RRNCH, f.BL 

5 CRL· R-N SPINNER ROCKET. ONE CRL. 7 DEG, !3MTTRIL 
MRCH 1-75 PD/V 0.37 R(OIR) 0-92 X 10 6 

0. 15 

l l 
i1 i1 

X 
IB 

"- 0.10 l ~ w I 0 

I w 

I 

~ 

"-' 
(.j 

l 
0:: X i1 0...0 o.os -j Zio.-

' (.j ! 
(() I II 

"' I lil z )( 
(!) 

I 
I i1 cr 
~ :>:: o.oo I 

Cl 

I 
X 

z " cr: X 

l ~ 
X 

~ -0.05 II w 
"' X w I 

' 
1-

~ 
I z I Q..L&.i 

:0:::0:: -0.! 0 -1 X u., 
:0:: I 
if) 

i1 I 
:-:l I :z: I 
LO 

l ~ 
X 

~ -0. 15 
! 

I i CM~ X 

I I 
Ill 

' X CNP 
-0.20 J .J 

6 
"-' 
<0 
D 
z 

4 ll II lil 1!1 "' i1 l!il "' a... :I: u"" rtr . "-
2 . _J 

a: 
(..) 

0 
-12 -9 ·-R -3 (l 3 6 y 12 1G 18 

R'IIGL E ~F FiTTfiCK. !:lEG-

+ CONFIG= 5-10 RUN= 
+ 

I . 
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~: ''i:'ti''· ,:·~ ' ,:? ·, "i' ,_ ·' ¥c 
· .. 

u.s. R~;n sr._Ll ·~r:; !?E~l R~C:-t LR!!(ll!f!:er.::;.. 

'• 
; ~o4ll'IP 1 JNNL:.. S llF-fiNCH. ret 

-,; s tRl. R-N SPlNNEC: ~e!CKET. eN:: CRL. 7 CEG .BOfiHfHL 

f'IRC" 2~'5C fHOlRl C~9*i X !Of-' 

I .2 ,, 

' :. . c 
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.. 

<J 
" • za.;;: 

~.6 w c .. 
~-

.J tl a: 
s:: u. '+ 
"' n a; 

"' " .. 
Cl a.c ... " "' <r " I 
"- " lU -o.c 0 
u 

.... ~ 
2 ;I( 

rw -o.e .. 
ux 

c " ::1: Ill 
-; 

- 'G • 'I j 
<..: .... 
0-

·ll.6 
Iii :'!TfH MI:IM£NT CCC't. 
.. N:lP.I1AL fC!RCL C"a'f:f. 

-lLB 

'"-' l 
"' ., ., 
7: 

~ 1 Iii .. lil 
c Iii Iii .. .. Iii .. .. Ill 

.,_:>:: 
uD 
z"" .... 

0 
• . -' 

cr ..., 
·2 

·l2 -9 .,; ·3 Q 3 6 'J !2 15 IB 
fi"<M E Qf h TTACrC OEG. 
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o .. s. 11RMY SRLL!ST{C Rt~~RRCH LRS~RATCRilL 
WINO TUNNEL.3 BRR"'CH. EBL 

5 CAL. FI-N SPINNER R~CKET, ONE CAL. 7 OfG. BORTTRIL 
MACH 2.50 PD/V 0.31 R(O!Al C.94 X 101> 

0.15 

l ~ ~ 0.! 0 ~ "' ~~ 

i '-' 

w li u 

~ 
Iii 

"" "-"' o.os ;Z;U.. X 
u 

I til Ill t., 
=> X II 
~. II '-' X i) 

"' r o.cc 
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J II X 
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0 
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)( ,_ 
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X 1 
C? 
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j r.r: ~c. 1 ;, r 
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-t2 -9 ·!\ -3 0 3 fi g 12 '<' "' 16 

ANGLE l'·f h TTI=ICK, OEG. 

tDNf[G~ 5-lC RUN= 68 + 



-
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u.~. H~~y Br,:_uST!C RE~lq~cn LR90RhT~R!:::S 

WIND T..;NN2'; S B!\SNC11, E!3L 

5 CR!... Fi-N SP!N~ER Rt'ICKt:T. ONE UiL. 7 DEG '301" T H'l: '· 
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?;<;HE ('f ;;:-TFfCt<. OEri 
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u.s. llRMY 611LUST !C Rt5EARCH LAB~RR!~Rlf~ 
WINO TuNNf:lS BRANCH, E6L 

,. 
" CAL. A-N SPINNER Rl'lCKEi, ONE CAL. 7 om. BOATTAIL 

MACH 4.00 PO/V o.2f> R(OIRJ o.€'4 X 10
6 

o.t5 

l l 
I 
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I iu ! 
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I 
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CD I X ' II lli cr ! ~ :E v.oo r r I I k I t I r I r I r I 
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; 
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! 
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.... l 
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-12 -9 -6 -3 0 3 fl \l 12 H> 16 

Ri'lGLf ~f R"TACK, OEG. 

lCNflG= 5.10 RUN: 3. + 
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. 

U.S. ARMY BALL!5TTC RESEARCH LAB~RATORll~ 
WINO TUNNELS BRANCH. EBL 

AMES 12FT. SUBSONIC WINO TUNNEl 
S CAL. A-N SPINNER R~CKET. SQUARE BOATTA!L. STRAIGHT 

I .2 

I . 0 
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0 0 .B. u 
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a: ., Q,q 
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u.s. llRMY Bf1LLIST!( RELUlRCH LABt'IRRTOR!E& 
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u4s. l'iRMY BRLU&T!C "!E;:.t.FtRCH LABBRRTOR!Et 
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u.s. ARMY BRLL!ST!L RES[RRCH LABDRRT6R!ES 
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SIDE FORCE AND YAWING t~OMENT AT ZERO SPIN 

5 cal. A-N with Canted Square Baattail 
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u.s. ARMY BAU!GTrC RESE:ARCH LABORFITOR!E:o 
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u.s. ARMY 6ALL15T I C RESEARCH LA60RATORIE~ 
WINO TUNNCL 6RANC'L EBL 

AMES I~ F!. SUBSONIC WINO TUNNEL 
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U.S. ARMY BALLISTIC RESEARCH LA6~RATORIES 
WINO lUNNELS BRANCH. EBL 
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U.S. G~MY e;~Ll~T[[ RE~L;~CH L~8BR~~JR~~~ 
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U.S. ARHY BALLISTIC RESEARCH LABORATORIES 

WINO TUNNELS BRANCH, EBL 
AMES 12 fT. SUBSONIC WIND TUNNEL 
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u.s. ARMY BALll&TlC RESlRRCH LRBDRRTDR!ES 
WINO TUNNELS BRRNCH, EBL 

RMES 12 fi. SUBSONIC WINO TUNNEL 
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U.S. ARMY BALL15T!C RE5ERRCH LABORATORIES 
WIND TUNNELS BRANCH, EBL 

AMES 12 fT, SUBSONIC WIND TUNNEL 
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u.s. qRNY e~LLIST!C ~E3lARCH LABeRRTaR!ES 

HIND TUNNELS BRANCH. EBL 
NSRDC 7X10 fT, TRANS~NIC WINO TUNNEl 
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U.S. ARMY EALL13TI[ RESl9RCH "LABORAT~R!E~ 

WIND TUNNEL.5 BRANCH. EBL 
NSRDC 7XIO fT. TRANS~NIC WIND TUNNEL 

· 5 CAL. A-N SPINNER ROCKET. SUUARE BOATTAIL W/fiNS. CANT[D 
MACH 0.90 

" 
X 

• 

-9 -6 

PD/V 0.19 RfCIAl !.qc X 106 

X 

l 
., 

I 

I ., 
i 
! 
: 

X X ! 
il 

X X 

• • • 

-3 

i 

~ 
I 
I 

~ 
i 
I "' I X 

..J 

Iii 

0 

X 

CHP 
CNP 

.. 
li 

3 

Ill 

Ill 

X 

X 
ll 

Ill 

6 

Iii 

X 

• 

ANGLE OF ATTACK. DEG. 

!i\ 

• 

9 12 15 

ZERO SPIN SIDE FORCE AND YAWING MOMENT NOT OBTAINED. 

CONFIG= 5.50 RUN= 22. 
127 

18 

+ 



U.S. ARMY BRLLISTit RESLARCH LRBORRTORIE& 
WINO TUNNGS Bf<llNCH, fBL 

NSROC 7XIO fT, rRRNSCNIC WINO TUNNEL 
5 CRL. A-N SPINNER RCICKE:T. 5!JUARE Bl:lATTA!l. H/F!NS. tANTt:O 

MACH 0.90 PD/V 0.38 R(O!Al \.qo X 10° 

0.!5l l 
~ o.1o ~ ~ 
B j 
~ I 

!l? ~ o.os " i 
U X 

• 

~ X I ! o.oo -11~----~~~-_~.~,-.~,~~~~-].:_.t-~~:~,:~~~~~~r-~~-T~-r~ 
"'-o.os -0 X 
u i 
.... I 
% ' C., LIJ I 

~ ~ -o .r o -1 
! 
i "' ::> 

z 

"' i./: . I r -o .rs ~ 

-J 
cr 
u 

' I 
i 

-0.20 J 

0 
-t2 -9 ·6 -3 

r 
i 
i 

j 
! 
i 
I 
I 

1 
! li CM0 

' J X tNP 

0 3 

X 

• 

ANGLE OF ATTACK. DEQ. 

X 

Iii 

9 

ZERO SPIN SlOE FORCE ANO YAWING MOMENT NOT OBTAINED. 
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u:s. RP.:-1 y e;:...LIST!l P-t5l<;R£H LR6Cift~";i3R! ~ ~ 

'<INC: T\..iNNi:! S El~f;Nf.l;, E!'lL 

5 CAL. A-N 6PINNER RCICKE f. Tf!fA~flULRR 5CIA~TR: L. <' TR~: GHT 
HRCH J. 76 R!OIAl c.ue X !OE 

1. 2 " 
1 . 0 .. 

.... .... 
£) 

~.e u 
..., \i 

~ 
.. 

" X 
Z!r 
uo ;),!> "' "· 

-> cr 

"" IJ ' ... 
"" ll 

"' .. 
0 Iii 
2 ~ ~ 

~·· ;o 
<.!: 

IIi 

"- • kJ -0.0 0 
'-' • .... 
2 

"'"' -J,{; li 
LJX: 

0 • X 

::;; 
~J ... '-' .... 

"-
··ll ' b 

,. 
>( .. f'ITl1; MC!f'IE!'jT c~n. 

" NVR'M~L fCIRCE c t3E r . 
-u.e 

L.l 
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<l 
7 .. .. .. 

f' .. 
"' .. .. " .. "' .. 

a..S: 
u<:l 
z"' .... 

IJ 

-J 
a: 
w 

·~i! 

-l2 -3 .FJ -J Q 3 £, ~ !? !5 l!l 

~N&IE QF -~;n~c:c DEG 
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o.ts 

u.. 0.10 w 

"" u 

w 
u 
0:: .,_., o.os z:.... 

u 
t'> 
::;) 

z 
C!) 

a: o.oo :E: 

c 
z 

"" 
l::i -0.05 
"" w 
,_ 
:z a. w 

l:i~-Q.tO 
:>:: 

"' ::> 
z 

"' ~ -o .ts 

-0.20 

6 ..... 
"' ., 
:z 

.,_:E: w., 
:~:"" .... 

-' a: 
u 

0 

(J.S, liRHY BALLISTIC RESf:ARCH LABilRATilRifS 

NINO TUNNELS BRANCH, EBL 
5 CAL. A-N SPINNER RllCKET. TRIANGULAR BllATTAIL, STRAIGHT 

MACH !.75 PD/V 0.2~ R(DlAl 0.92 X 106 

X 

I! 
I II 

I II 

I X 

II 

!f II 
X 

X 

Ill 

~ 
X 

i X 

I 
I I 

j -l X 

" I 

• CMP 

J " CNP 

• II II II II 
II 

II II Ill II 
II II II 

-12 -9 -6 -3 0 3 6 9 12 15 
ANGLE llf FH TRCK , OEG • 

lllNFIG: 5.SO RUN= 7• 
; 130 

18 

I'' 



I .2 

I .a 
~ 

" q ..;.a 
L) 

:. ..... 
<J 

z ll:: 
u 0 ~.6 

u. 
• J 
a: 

"' u. ·j 
ll:: 
0 
z 
CJ 

~ 7. ~.' 

"' 
"-
L:.J -O.D D 

'-' -z 

"' w ' 0 -u .... 
w :1: 

"' :1: 

" • u -~. -
c.. 

l).f: 

-u.e -

4 
w 

"" ., 
z 

~ 
L 

<- :1: 
0 u 
"' :z "-

l) 

-' .r 
w 

-2 

- l f' 

" ~~NF~G= 5.bC RUN= 

; . 
U.S. R~M~ es_L!~J(( REGl'R~CH LR90RRTJR::~ 

WIND !JNNl:.r. BRR!'ICH. f9L 

5 CAL. R-N 5PINNE~ R~CKE!. TRIANGULAR ~rA!TA:L. 5TRR!GHT 
R!DIAl 0-~~ X 10~ 

l 
j 
I 
j 
' i 
~ 

~ 
~ 

l 
ij! 

Iii 

j "' 

Iii 

T. ~ 
-I 
I 

..J 

-, 

.. Iii .. .. -t 
--i 

~ 

-9 -1 

a. 

"' .. 
"' 

' " 
iii 

' " 

.. ?ITCH MCIMENT 
~ NeRMRL FftRCi . ." 

" Iii .. " l!l Iii 
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u.s. "'RMY BALLISTIC RE5E'IRCH LAEICIRATOR!U'; 
WIND TUNNELS BRANCH, EEIL 

5 CAL. A-N SPINNER R~CKET, TRIANGULAR BOATTAIL, 5TRAIGHT 

o.ts 

~ 0.10 
0 
u 

.... 
w 

"" ~ E o.os 
w 

rn 
::> 
%. 
(.\) 

"' z:: o.oo 
c 
z: 
0: 

"-.... -0 .os 
0 
w ... l z 

Q..W 

li ~ -0.10 ; (.\) j ~ -o. 15 

-0.20 

-' 

"' u 

6 

0 
-12 

CONflG= 5.60 RUN~ 

MACH 2.50 ~0/V 0.27 R!OIAJ 0.9~ X 106 

X 

Ill 

ll II 

-9 -6 

)( 

X 

II 
II 

ll lil 

II 

X 

ll 

" 

II 

II 
II 

X X 

CHP 
CNP 

X 

11 II II 
II ll 

II 

)( 

ll 

-3 0 '3 8 9 
ANGLE Cf ATTACK. OEG. 
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• 
C~N~!G= 5.6G RUN= 9. 
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0.15 

t::; 0.!0 
0 
w 
w 
(..) 

U.S, llftHY BI<LLIST!C flf::.LFIRCH 

WIND TUNNELS BRANCH, 

5 CAL. R-N SPINNER ROCKET, TIW1NGULAR 

MACH '\.00 

l 
I 
I 
' ' 
~ 
! 
I X X 

LABCIRATCR!E:S 

EBL 

B~RTTAIL, STRAIGHT 

R(O!Al 0.65 X 10
6 

• 
~ ~ o.o5l 

i Q,QQ ~~ ~,.,,-.-.-.or.-.-r-~~~-r-ror~.-r-~~~-r~-r~.-~ 
li1 •• ll )( 

I II 
1111 X .. r k I I I I I I Ill' 

:!3 -o.os 
0 
w 
1-
z 

Cl..W 

~ ~ -0.!0 
:r 

"" ::;, 
z 
C!) 

~ -0.15 

-0.20 

,., 
"' !D 
z 

o.."" '-'., 
r"" "- 2 

-' 

"" w 
0 

• 

• 

-12 

CCJNF!G= 5.60 RUN= g. 

i!l 

• 

-9 ·-6 

X 

II II X )( )< 
X X X X 

i 
I. SMP 

' j >< CNP 

II 

i!l 
ll •••• II • • • 

-3 0 3 8 3 12 15 18 
ANGLE Or ATTACK. OEG. 
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u.~. l'lRtn B'tLLISTl( RE:.>t'lRCH LRf:!DRR'tJ:f.:~l;:. 

I'll NO 'UNNEl.r, BRANCH, EBL 
s C RL. R-N SPINNER RHCKET, TRIANGULAR BCJR'TR!l.. LRNTlO 

MACH 1 . 75 R!OIRJ 0.\l'i X !06 

I .~ 

'" " 
1 • 0 

~ 

w "' Q o.e '-' 
w 
'-' )< 

%0:: 
uo 0-6 l!l 

u. 
_J 

Ill a: 
~ 0.4 
"' 0 
z li 
c Iii 
z Q.(? Ill a: 

Iii ... • "-' -u.o 0 u 
1- i!i 
'Z 

~ :a::w -iL2 
'-'"' 0 

~ "' J: -iJ.Lt c.: ..... 
<>. 

-0.6 Iii 
X I 

P !TCti M!lMENT CI:JH. j Iii 

" N!lRMRL FllRCE [I)Ef • 
-o .a 

"" ~ "" 0 z II &II lii Iii s ii "' Ill Ill 1!1 Ill 
,_:a: 
uO z"" .... 

0 
..J 
a: ..., 

-e 
- l" -9 -6 -3 0 3 6 9 )2 !5 18 

R~GLE ('Jf RTTF!CK. !JEG. 

fONFlG~ 5.70 RUN~ + 
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U.s. ARMY BALLl'3TTl Rf.!XRRCH lABl'IRAnlRJE.::. 

H !NO TUNNU S 6'\ANCH, EBL 

5 CAL. A-N SPINNER RCICKET, TR l ANGULAR BCIATTFHL, CRNTlD 

MACH I. 75 PO/V 0.2fi !UO!AJ 0-9'1 X 10
6 

0.!5 

l ] I 

~ 0.!0 I X 

"' l c, 
~ i 

""' I 
Ill (..,> 

~ "' "-"" o.o& -j 
z~ • (..,> ; <"> I )( 

::> Ill 
"Z 

I 
; 

C!) I II I cr: Ill 

t&~~·~' :0: o.oo t I t I 
0 z J X X 
cr: . 
it -0.05 
0 
u )( 

1- I z I a .. w 
:r:o:: -0 .!0 1 '-' "' )( 

:0:: 

g ~ I 
Z" I ·r 

~ -0.15 ~ 
i I 

• I • .. :MP 

-0.20 J I 
I " CNP 

....1 

6 
..; 

""' ., 
z 

... :a: II II II • ._,o 
II Iii • r"' ..._ 

II II II 
2 111 

-' .. 
a: 
<..J 

0 
. t2 -9 -6 -3 0 3 6 9 12 II:> 16 

f.NCiLf. Clf ATTACK. DEG. 

THESE DATA· MUST BE COMBINED WITH ZERO SPIN SIDE FORCE AND 
YAWING l«lMEHT OH NEXT PAGE TO OBTAIN CN AND CIIL • 

Pu Pu 

tONflG= 5.70 RUN= t. 
+ 
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-..,. 
"" 

Cy 

Cn 

.02 

0 

-:.02 

02 

0 

-.02 

D 

D 

-12 -8 

SIDE FORCE AND YAWING MOMENT AT ZERO SPIN 

5 cal. A-N with Canted Triangular Boattail 
Mach 1. 75 Rd 0. 94 X 106 

D 0 
D 

D o-a ~ 

0 0..0 o-o-o..o...o._o 

D 

D 0 

-4 0 4 8 12 16 

ANGLE OF ATTACK ""' DEG. 



• 

U.;:)~ I'IRMY I30:,LL!:, T l( RE:i.."'P.CH LA9DRRT~R!EG 
WIND TUNNELS BRANCH. E9L 

5 CAL • G-N 5PINNER ROCKET. Tfl!RNGLILR'l BC'RTTRIL. CRNTI::C 
MACri ;? .. SO R!DIRJ a.ys )( !06 

1 .2 

j " 
j • 0 • 

' I 
..... 
IU 

0 u.c r,; ..... 

"" (..) X 

"'"' 8~6 uo ..._ 
li 

cr. X 
1E v .... li 

"" ., 
z 

' 0 Ill z o.~ II "" II 
"- II 
"J -o.o fJ 
'-' ... II 1 7 

' II -1 '"'"' -u. -"''"' J 0 I "' l 
"' ~J,-+ -; ~ .... ' 
ll.. I .. 

G.f' 

J 
)( li i'iTCl1 Ml:lMENT C!lH. 

" ~l:P~RL FORCE C~EF. 
-G.8 

4 -, _, 
j, -~ (' z 

2 IIi 1 Iii "' .. IIi .. II Iii 
Iii li ,_:a: 

(.)~ -, 
'ZU..: i 0 

J 
. 

_J 

"' u 
-2 __; 

-1£ -9 -6 -3 " 3 A 9 12 HJ '8 ' 
RNGLE (lf <i!TRCK. C)EG-
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• 

u.r;. ilRMY BALLISTIC RESE:RRCH Ll'O!'H'IRAH!R:E"::, 
WINO TUNNELS BRRNCH. EJ3L 

5 CAL· A-N SPINNER 111.'\CKET. TRIANGuLAR 61.'\ATTA!L, CANHO 
HACH 2.50 PO/V 0.26 R(DIAJ o.sn X !06 

0 .!6 l l 
' I 
i 
' i 

~ 
X ... (). l c 1 w 

0 
w 

"" I i u 

"' ~ 
111 

Q..O o.cs X 
. z. 1- 111 

'-' ! 
C'> X I ll ll lil 
"' i :z X I li1 
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ll I X u: .. ' l X 
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lil 
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X 
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"' :z 
'-" ' ~ -o ~ 15 1 

i 
' 
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-0.20 J ' CNP J " 

6 

~ 
... 
"' 0 
% 

'I lil .. lfl li li1 lil Iii II 111 1il ,.r • u"" r"' "- 2 . 
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'-' 0 

-12 -9 "•6 -3 0 3 6 'J 12 ~5 18 
flNGLE l'\f ATTACi'\, OEG. 

THESE OATA MT BE CCKIINED WITH ZERO SPIN SIDE FORCE AND YAWING MOMENT ON NEXT PAGE TO OBTAIN CN AND C • 
pll ~a 

CONflG~ 5.70 RUN= 2· 
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~ .. 
0 

Cy 

Cn 

SIDE FORCE AND YAWING MOMENT AT ZERO SPIN 

5 cal. A-N with Canted Triangular Boattail 
Mach 2.5 Rd 0.95 X 106 

.02 

ol ~ 'o 

-:02 

.02 

ol ~ ro::: 

-.02 

-12 -a -4 0 4 B 12 16 

ANGLE OF ATTACK .... DEG. • 
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u.s. GRMY BRLll;jTIC RESEARCH LABOR~'llP.!EG 

WIND IUNNEl5 BP.RNCH. EBL 
5 CAL. G-N SPINNER RflCKET. TR!ANGULAR Bl"ATTA!L, CANTED 

MACH ~-00 RWIR J !.OC X !06 

1 ~~ 

!.0 
>< 

~ 

4.1 

·~ 0.8 li c) 

U-1 
u 
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G4f. L' 0 
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z 
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Cl 
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"- fl 
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w>: 
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>---"-
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J 
Iii Pl TCH HflHENT CCH. 
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-0.8 

4 ..... 
"' 0 
z 

" li L Iii Iii Iii Iii ;,; li Iii l!ii Ill .,_:o: 
u"" 
z~ 

"- () 

'...J ' ... a: I '-' -2 .... 
-12 -9 -6 ·3 ~ ~ 6 ~ l ;:· '<6 \8 '< -ANGLE OF fiTTRCK, DEG. 
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0.16 

..... 0 .l 0 w 
'P 
w 
w 
u c.:: 

t...O o.os 
'Z"-
(J 

"' ::> z 
C!) 

"' 2: o.oo 
Q z 
cr. 

... 
w -0.06 
"" w 
... z 

t...W 

~ l5 -o.to 
2: 

"' ::> 
'Z 

"' i= -0.15 

-0.20 

.... 6 

"" ., 
z 

c..."' wD 
z:"" .... 

2 • 
-' ex: 
u 

0 
-t2 

U • ri • ARMY BALLI S Tl ( RESUlRCH LABCIRRTCIR H:; 

WINO TUNNELS BRANCH. EBL 
5 CAL. ll-N SPINNER RliCKET. TRIANGULAR BCIATTAIL. CFiNTt:o 
"RCH q.oo PO/V 0.18 R!OIRl 1.00 X to6 

)( )( 

X 
X • li • • • Ill: 

ll 

II Ill X • • X 
X X 

X 

~ 
~ 
I 
I l!l CHP ' ' J " CNP 

• Ill 
ll • ••• Ill ll • ll 

• 

-9 -6 -3 0 3 6 9 12 15 
ANGLE CIF R HACK, OEG. 

THESE DATA MUST BE COMBINED WITH ZERO SPIN SIDE FORCE AND 
YAWING MOMENT ON NEXT PAGE TO OBTAIN CN . AND Cm • 

Pa Pa 

EoNFI G.::: 6.10 RUN::: 3. 
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Cy 

~ ... 
"' 

Cn 

.02 

SIDE FORCE AND YAWING MOMENT AT ZERO SPIN 

5 cal. A-N with Canted Triangular Boattail 
Mach 4.0 Rd 1 X 106 

0 1 ~ 0 <> 0 
0- o:::o:o:='""l 

-.02 

.02 

a 

-.02 

-12 -a -4 a 4 8 12 16 

ANGLE OF ATTACK '"" DEG. 



lONfl6~ 5.90 RUN: 13. 
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u.s. llRMY Bf1LL!3T!C REZf.ARCH LABORFI~~Rlt~ 
WIND TUNNELS BRANCH. EBL 

5 CAL. ll-N SPINNER ReCKET, CRUC!fllRM BllRTTAIL. STRAIGHT 
MACH 1.75 PD/V 0 .. 26 R(O!AJ 0.91 X 106 

0 .IS I 
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l ~ o .to UJ 
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._) 

I Ill .... 
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I 
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6 .... 
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u 
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-12 -9 -6 -3 0 3 6 9 12 Hi 18 

FINGLE (lf RTTACK. DEG. 

+ C0Nf!G: 5.90 RUN= 13, 145 
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U.S. ~RMY BRLU5HC RESEARCH L!lBI.'IRRTCR!E:!:, 
HlN!l TUNNELS BRRNCH, EBL 

5 CAL. A-N SPINNER ROCKET. CRUCIFORM BCATTAH., STRAIGHT 
I'IACH 2.50 PO/V 0.21 R(O!AJ 0.~4 X 106 

0.15 

l l 
~ ~ 0 .!0 
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"' I w ' 
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u.s~ ARMY BSLLISTIC RESEARCH ~RBflRRTtlRH:; 

WIND TUNNELS BRANCH. EBL 
5 CAL. A-N SPINNER ROCKEr. CRUC!FI.1RM BflATTA I L, STRAIGHT 
MACH q.oo PD/V 0.18 R!D I R l o.~g x !06 
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u.s. R:O:iiY S!,~Ll~! J.C_ FE:...L ·:~:..:n tRSI::'RR:-~R!~..-.~ 

IHN() ~JNN~; ~ e:· ;;;4c,1 ~ f~L 

s C.RL. R-N GPlNNE~ RC\(1\C:~ . CRt.;Clftlf!N !li'JFi~Tfl:t. CA:'iTl:l 

Mii:H 1 . 7(. '!~O!R~ C~l32 ~ ',_t-
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LIST OF SYMBOLS 

Drag positive direction is aft 

zero angle of attack drag coefficient 

drag coefficient slope due to angle of attack 

(from CD = CD + CD 2 a
2
) 

0 ll 

roll damping moment coefficient--negative moment tends to 
decrease spin 

roll moment coefficient due to fin cant--positive moment 
tends to increase spin 

Pitching Moment 

t P v2 s d 
moment center is .6 t calibers from nose. 

Positive moment is due to positive normal force ahead of the 
moment center. 

d c m • 
~ at a = 0 p~r radian 

Magnus Moment . . 
1 2 d moment center 1s .6 t cal1bers from nose. 
-pV Sd£2c 
2 v 
Positive moment is due to positive Magnus force ahead of 
moment center. 

d c m 
d ap at a = o• per radian 

Normal Force 
l P v2 s 
2 

positive direction is up 

d eN 
at a = o• per radian a 
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LIST OF SYMBOLS (Continued) ' 

Magnus Force positive direction is to right looking upstream 

d eN 
d (J.p at Ct = 0° per radian 

Magnus or side moment at zero spin 

Magnus or side force at zero llpin 

body diameter and reference length 

axial moment of inertia 

transverse moment of inertia 

axial radius of gyration 

transverse radius of gyration 

Magnus force center of pressure 

normal force center of pressure 

body axial spin rate, rad/sec (positive is clockwise looking 
upstream) 

complex transverse angular velocity 

Reynolds number based on d 

1T d2 
body area " - 4-
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v 

gyroscopic 

LIST OF SYMBOLS (Continued) 

I )2 (r ~ 
stability = r 3 

2PSd C 
I m y (J 

free stream velocity 

a angle of attack 

o cant angle of fin or twisted surface 

p free stream air density 

+ ~c v 1 
p 

= 
Roll Moment 

-} P v2 s d 
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